The reaction of 2,4,6-trinitrobenzenesulfonic acid (TNBS) with amino acids was investigated by a static system to develop optimum conditions for application to automated amino acid chromatography. TNBS was found to be a very simple and sensitive reagent, easier to use than ninhydrin. The reaction occurs quite rapidly at room temperature, eliminating the requirement of a heating bath. The major disadvantage is a much lower sensitivity to the imino acid proline than to the amino acids.
The reaction of 2,4,6-trinitrobenzenesulfonic acid (TNBS) with amino acids was investigated by a static system to develop optimum conditions for application to automated amino acid chromatography. TNBS was found to be a very simple and sensitive reagent, easier to use than ninhydrin. The reaction occurs quite rapidly at room temperature, eliminating the requirement of a heating bath. The major disadvantage is a much lower sensitivity to the imino acid proline than to the amino acids.
ONLY POPULAR COLOR REAGENT
for automated amino acid chromatography has been ninhydrin. It has, however, several major disadvantages, including (1) in most procedures the ninhydrm must be dissolved in an organic solvent; (2) if bubbles of gas are to segment the reagent stream, they must be free of oxygen; (3) a 95#{176} heating bath is required to develop color; and (4) there is a considerable variation in absorption spectrums among the different amino acid-ninhydrin derivatives.
In 1960 Satake et al. (1) designation. They are L-isomers. Alanine was used as the amino acid to study the reaction, because it is the simplest amino acid with the amino group n a secondary carbon atom.
All other reagents used were reagent grade.
Methods
After some preliminary trials the Na2CO3-NaHCO3 buffer pair was chosen for further investigation. TNBS is quite rapidly hydrolyzed to trinitrophenol in alkaline solution; to maintain the same concentrations of trinitrophenol in the blank and amino acid solutions being studied, they were set up as follows: 5 ml. 2 M Na2CO3 was pipetted into a tube labeled "Blank," and 3 ml. 1120 was layered on top of it. Five milliliters 2 I1 Na0CO3 was pipetted into a tube labeled "Test," 2 ml. 1120 layered on top of it, and 1 ml. of 0.5 M/ml. solution of alanine was added to the water. Finally, 2 ml. of TNBS, 5.0 M/ml. (173 mg./100 ml.), was layered on top of the solutions in both tubes. The tubes were capped with Parafilm and thoroughly mixed at the same time by inversion; a timer was started simultaneously.
The mixtures were poured into cuvets, and the increase in absorbance was recorded vs. time at 450 m. In subsequent experiments on the buffer concentration, the appropriate amounts of 2 M Na0CO:i and water were replaced with 1 M NaHCO3.
The effect of the buffer on hydrolysis of TNBS was studied by preparing the Blank as above, and measuring the change in absorbance of the TNBS Blank against a similar buffer solution with water substituted for the TNBS solution.
When the 0.9 M NaoCOa-0.1 M NaHCO5 buffer mixture was chosen for further investigation (see Experimental Results), the experimental design was simplified by combining 430 ml. of 2 M Na0CO.1, 100 ml. of 1 M NaHCO.1, and 130 ml. 1120. Of this mixture, 7 ml. was used in each Blank and Test, 1 ml. of water or alanine solution was layered on top of it, and finally 2 ml. of TNBS solution layered on top of the two solutions already in the tubes (thus maintaining a 10 ml. total volume). 
Experimental Results

Effect of pH on Rate of Color Formation
The more alkaline the mixture, the more rapidly the TNBS-alanine complex forms (Fig. 1) ; however, this is also accompanied by a very rapid hydrolysis of the TNBS, producing such an intense blank in the case of 1 M Na2CO3 that, after a few minutes, the difference in absorbance between the blank and amino acid solutions cannot be measured. 
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Time magnitude of the problem of the blank absorbance is demonstrated in Fig. 2 . it was studied at two wavelengths, 420 mt (near to the maximum absorbance for most of time TNBS-amino acid complexes studied)
anti at 450 m. From Fig. 1 and 2 it call be seen that tile 0.9 M Na0CO3-0.1 M NaHCO3 buffer gave about 80% of full color development in 5 mm. and about 95% in 8 mm. It also has a flat plateau for 5 mm. The blank absorbance at 450 m does not become excessive during this period, and so this concentration of buffer was chosen for further work.
Spectral Curves
The spectral curves of the 0.9 M Na2CO3-0.1 M NaHCO3 solutions are recorded in Fig. 3 . The solid line on the right is the TNBS-alanine complex vs. the blank solution at 10 mm. after mixing the reagents. The spectral curve on the left in Fig. 3 is of the alkaline blank solution 10 mm .after mixing vs. buffer; it is obvious that the blank at 450 m is still within a useful range, while that at 415 m is almost too high to use. In order to follow the reactions for 20 mm., the 450 m wavelength was used, even though it is not at the maximum absorbance. The hydrolysis of TNBS in 0.9 M Na2CO3-0.1 M NaHCO: follows first-order kinetics, and at room temperature (about 25#{176}) requires about 4 hr. for completion.
Effect of Temperature
The rate of formation of the TNBS-alanine complex was studied at three different temperatures (in addition to the above work at room temperature).
It can be seen from the solid lines of Fig. 4 that there is a 10-12% increase in sensitivity at the highest temperature, but it is achieved at the expense of a higher blank (Fig. 4, broken lines) . There is also a more rapid development of maximum color, of course, but this requires a constant temperature bath; almost the same sensitivity can be obtained at room temperature by a longer incubation period. 
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Tile broken lines iii Fig. 4 , representing the hydrolysis of TNBS, do not pass through zero absorbance, because there is slow hydrolysis of the TNBS even in the aqueous stock solution; in addition, the solution was several hours old when this experiment was conducted, whereas it had been freshly prepared for time work depicted in Fig. 3 . Figure  5 shows the effect of varying the TNBS concentration. The advantage of 1.0 mM TNBS over the 0.5 mM TNBS is obvious, but there is no further great gain by doubling the concentration again. On the contrary, one would be doubling the blank absorption; therefore the 1.0 mM TNBS was chosen.
TN BS Concentration
Conformity to Beer's Law
Each concentration of alarmine listed in Fig. 6 was incorporated into the colorimetric system as described under methods, and the spectral curve vs. the blank was recorded from 400 to 460 m 10 mm. after mixing.
The absorbances at 420 and 450 m were picked from the recording and plotted. Satisfactory conformity to Beer's law is demonstrated. 
Reactions of Other Amines with TNBS
Sixteen additional amino acids have been investigated in this colonmetric system. All showed increases in absorbance similar to the curve in Fig. 1 for alanine in 0.9 M Na9CO3-0.1 M NaHCO3 buffer. The time to develop maximum color, the wavelength of maximum absorbance, and the molar absorptivity at 420 m for each amino acid are listed in Table 1 .
In addition, three other amine-containing compounds of biochemical interest were investigated. Proline and NH3 did not reach full color development until after 2 hr. Urea produced no measurable color at a concentration 20 times greater than that used for the amino acids. The molar absorptivities were determined from the spectral curves at 420 m for two reasons:
it is the wavelength that is nearest the maximum absorbance for most of the amino acids, and a 420 mtL filter is readily available for use in most colorimeters.
Discussion
The decrease in absorbance after the maximum has been reached that is seen in Fig. 1, 4 , and 5 can be attributed at least partially 'to the 
